A cluster analysis was conducted with a set of survey data on chemistry faculty familiarity with 13 assessment terms. Cluster groupings suggest a high, middle, and low overall familiarity with the terminology and an independent high and low familiarity with terms related to fundamental statistics. The six resultant clusters were found to be associated with key demographic variables such as institution type, chemistry subdiscipline, and years of teaching experience. Implications of this work include informing the creation of targeted professional development opportunities for faculty based on representative familiarity levels, leveraging both high and low familiarity with the 13 assessment terms. ABSTRACT: A cluster analysis was conducted with a set of survey data on chemistry faculty familiarity with 13 assessment terms. Cluster groupings suggest a high, middle, and low overall familiarity with the terminology and an independent high and low familiarity with terms related to fundamental statistics. The six resultant clusters were found to be associated with key demographic variables such as institution type, chemistry subdiscipline, and years of teaching experience. Implications of this work include informing the creation of targeted professional development opportunities for faculty based on representative familiarity levels, leveraging both high and low familiarity with the 13 assessment terms.
■ INTRODUCTION
Assessment of student learning continues to grow as a component of college instruction. 1 Moreover, departments are increasingly expected to report course and program-level measures of student learning for internal accountability and external accreditation. 2 One barrier to the implementation of assessment efforts lies in a perception by many chemistry instructors that the field is laden with the use of jargon terminology, that tends to obfuscate the otherwise laudable goals of improved measurements of student learning. 1,3−5 It is not particularly surprising that chemistry education practitioners remain somewhat uncomfortable with terminology with origins in education research. Even among researchers, arguments about the use of terms are sometimes seen. 6 Nonetheless, because of external demands on educators to enhance assessment efforts, the need to address knowledge gaps among practitioners is certainly important. An additional concern is that assessment efforts may induce a sense of cynicism among faculty. In this sense, not all jargon is the same. Although the use of jargon within proposed educational reforms may elicit disapproval among chemists, it is worthwhile to distinguish lack of familiarity from mistrust of educational reform jargon. 7 From the perspective that any educational effort, including professional development of college-level chemistry instructors, should begin from an understanding of the current knowledge of the participants, 8 the ACS Exams Institute (ACS-EI) undertook a needs analysis study about assessment among college chemistry instructors. Previously reported findings from this national survey of 1,505 chemistry faculty have suggested that (1) motivation to conduct assessment of student learning is mainly external to the chemistry department, 9 ,10 (2) instructors report that a significant challenge to conducting assessment is the time necessary to collect assessment data, 9 ,10 (3) chemistry instructors have substantially differing levels of knowledge of assessment, 9−11 and (4) an internal validation item showed that the self-report data about familiarity with assessment terminology were valid. 10 The ultimate goal of this work was to identify ways in which professional development opportunities could assist in raising the level of assessment understanding within the chemistry education community.
The work described in this paper advances the goal of devising appropriate professional development materials by using cluster analysis to identify similar groups of faculty based on their level of familiarity with 13 assessment terms. Previous work has constructed a structural equation model for this data focusing on categories within the set of assessment terms to assign a organizational structure of the terms themselves. 11 The analysis in this paper, by contrast, seeks to characterize groupings of instructors in terms of similarities among their reported familiarity with the assessment terminology. Associations between the clusters that are determined from the data and demographic data (e.g., institution type, chemistry subdiscipline, and years teaching) provide ways to understand how to approach the creation of professional development opportunities about assessment. In addition, a research question that arose from previous work will be explored: do the more generic statistics terms (as opposed to terms seldom used outside of educational assessment) provide an appropriate measure of familiarity with assessment? Or stated differently, because these more common statistics terms are also used in chemistry research, are they confounding the articulation of any latent construct about assessment that might be present in the data?
■ METHODOLOGY
The development and validation of the survey in which the data analyzed in this paper were generated has been reported previously.
9,10 Thus, only an abridged summary of the design, survey question-groupings, and a description of the survey participants are provided here. The remainder of this section will introduce the methods used for conducting cluster analyses in order to situate the application of this statistical methodology for survey data analysis presented in this paper.
Survey Design
During 2009−10, a national survey of college faculty's understanding and use of assessment was developed through a series of focus groups and a pilot study. 9 The resultant national survey included questions on prior experience with assessment, department-level assessment, use of ACS standardized examinations, professional development related to assessment, and familiarity with assessment terminology. The overall goal of the survey was to characterize the current assessment practices in college-level chemistry education at community colleges (i.e., two-year institutions), predominately at undergraduate institutions (i.e., four-year institutions), and also at doctoral-granting institutions.
Survey Participants
Approximately 14,000 chemistry faculty members were invited via email to participate in the online survey. Chemistry faculty members were from United States postsecondary institutions and included tenured, tenured-track, and non-tenure-track professors and instructors. The final sample included 1,546 faculty (roughly 10% response rate). A Fisher Exact Test association of the percent institutional type of the population versus the respondent sample returned a nonstatistically significant p value (p = 0.1116) suggesting that the sample distribution is not statistical different from the population. Of the respondents, 1,436 rated their familiarity with all thirteen terms and are, thus, included in the analyses within this paper.
Participants (n = 1,436)
• were 63% male, 36% female, with 1% preferring not to say, blank, or other • had an average number of years teaching chemistry of 15 years • had areas of specialization that included 28% organic chemistry, 18% inorganic chemistry, 17% physical chemistry, 13% analytical, 10% chemistry education, 9% biochemistry, 6% two or more/other • 52% were from four-year institutions, 26% were from doctoral institutions, 22% were from two-year institutions.
Familiarity with Assessment Terminology
The portion of the survey data that is the focus of this paper is faculty familiarity with 13 assessment terms (see Box 1; terms are ordered herein as in previous work by the authors). 10,11 These terms originated in the development of the survey and familiarity with these terms is indicative of successful individual, departmental, and institutional-level assessment initiatives. 10, 11 Participants were asked to declare their familiarity with each term on a Likert scale. The five possible ordinal responses were: "I have never heard this term before", "I have heard this term before but do not know what it means", "I have heard this term before but am not confident I know what it means", "I have heard this term before and have a sense of what it means", or "I am completely familiar with this term and know what it means"; these terms were coded 1 through 5, respectively.
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Data AnalysisCluster Analysis
Cluster analysis was used as a statistical technique for understanding faculty members' familiarity with assessment terminology; cluster and subsequent statistical analyses were conducted with Stata version 12 software. 12 Cluster analysis is generally "concerned with exploring data sets to assess whether or not they can be summarized meaningfully in terms of a relatively small number of groups or clusters of objects or individuals which resemble each other and which are different in some respects from individuals in other clusters." 13 In contrast to factor analysis, for which the goal is to reduce several variables to a smaller number of "factors" to understand larger nonmeasured constructs, the intent of cluster analysis is to reduce several observations (which in this case are survey respondents) to a smaller number of "clusters" that can then be used to further interpret the data.
14 Cluster analysis essentially establishes a new categorical variable, that is, the cluster variable. Cluster analysis lends itself to questions focused on identifying representative observations for a given set of variables. 13, 14 The cluster analysis presented here postulates the existence of categories of faculty familiarity with the thirteen assessment terms that may be helpful to understand better the variations in instructor responses. The essential characteristics of cluster analysis have previously been described in several review texts 13, 15 and a paper comparing factor analysis and cluster analysis techniques reported in this Journal.
14 Nonetheless, some key aspects of the method are important to recognize relative to the work reported here.
To conduct a cluster analysis, a measure of similarity between observations on a given set of variables and a method for linking similar observations must be defined. 15 Types of data (e.g., binary, ordinal, or continuous) and hypotheses about the underlying cluster structure (e.g., clusters are of similar size) limit choices of similarity measures and linkage methods. Because cluster analysis can be applied to many types of data, similarity can be a measured in a variety of ways, including the Euclidean distance between two 16 For example, the Stata software package 12 includes 14 binary data similarity measures, 9 interval data similarity measures, and 1 mixed data similarity measure. 17 (Note that this list does not include measures specifically designed for ordinal data.) Gower's similarity method, the mixed data measure, is considered the most robust for ordinal data. 18 Within a data set, similarity of observations is not the only component of determining clusters. Because cluster analysis includes iterative processes, how two or more observations are treated once a determination that the observations belong in the same cluster is also important. This feature is determined by the linkage method and these methods are based on assumptions about the nature of hypothesized clusters; 13 for example, Ward's linkage method assumes similar-sized (i.e., number of observations per cluster) and symmetric clusters. 19 As was true for similarity measures, the Stata software package 20 offers several agglomerative linkage methods for cluster analysis. 17 No single overarching methodology exists for conducting a cluster analysis. Several different similarity measures and linkage methods can, in principle, be conducted on a single data set in search for an appropriate cluster solution. Many statistical analysis packages include cluster analysis and the ability to define similarity and linkage methodologies is essential to an appropriate use of this analysis technique.
Cluster analysis is ultimately an exploratory technique. Although no p value is determined from a given cluster analysis, several methods do exist for determining the appropriateness of a cluster solution. Duda and Hart's stopping rules provide a measure for making a determination of the number of clusters. 21 Duda and Hart use the sum of squared errors (of the similarity measure) to devise a quantitative measure for choosing appropriate clusters. They suggest that a cluster solution should have a large ratio of the sum of squared errors in the two resulting groups versus the sum of squared errors within the groups, and a small pseudo-T-squared value. 17, 21 The similarity measure, linkage methodology, and determination of a cluster solution used in this study will be reported in the next section.
■ RESULTS AND DISCUSSION
The value of a cluster analysis ultimately lies in terms of the insight it provides into the data being analyzed. In this case, the question of interest is whether or not there are groupings of faculty based on their reported familiarity with assessment terms. The data used, the processes included, and the resultant inferences are presented here.
Summary Statistics
The analysis of the survey data is best initiated with an overview of reported assessment terminology familiarity ratings along several demographic variables. Table 1 When the data are considered observationally by institution type (see Table 1 ), only one apparent difference in median values is observed: faculty from two-year institutions rate ANOVA at a median value of 1; whereas, four-year and doctoral faculty rate ANOVA at a median value of 3. However, Kruskal−Wallis Equality-of-Populations Rank Tests 22 show a statistical difference (p < 0.05) for all assessment terms except Interim Assessment, Assessment Validity, Assessment Reliability, Item Response Theory, and Item Discrimination; this suggests that the distribution of responses by institution type are different for reported familiarity in these assessment terms designated as statistically significant.
When the data is considered by discipline within chemistry, as shown in Table 2 , several differences are apparent. First, faculty identifying their discipline as Chemical Education rate similar or higher levels of familiarity than other disciplines. Second, faculty identifying their discipline as Analytical rate Linear Correlation Coef f icient and Variance (two statistical analysis tools used in analytical chemistry research) with a median value of "I am completely familiar with this term and know what it means." For this data, Kruskal−Wallis Equality-of-Populations Rank Tests 22 were conducted and all variables except Interim Assessment returned a significant p value (<0.05) suggesting that faculty by discipline rated their familiarity differently for each of the assessment terms.
The final demographic variable to consider is years teaching (see Table 3 ). Because changes over a single year of teaching tend to be small, a more substantive analysis is achieved if the number of years teaching is grouped in five-year intervals. In general, faculty with five or fewer years of experience teaching rate each assessment term at similar or lower variables than faculty with more teaching experience. Kruskal terms except Cronbach Alpha, ANOVA, Factor Analysis, and Variance.
Cluster Analysis
The summary statistic analyses suggested that several demographic variables show differences in reported familiarity with assessment terminology. A question remains, however, of whether there are faculty with high familiarity in each of the demographic groupings. Likewise, are there faculty with low familiarity in each of the demographic groupings? To answer these inquires, an agglomerative cluster analysis was carried out with this data. This analysis was conducted using Ward's linkage 19 and Gower similarity. 18 Application of the Duda and Hart stopping rules 21 yielded a six-cluster solution; in addition, observation of the corresponding dendrogram confirmed the sixcluster solution. The clusters are assigned Roman numeral designations based on the cluster solution, but these labels do not imply any rank ordering of the clusters. Median values for each of the clusters on the thirteen assessment terms are reported in Table 5 . Kruskwal−Wallis tests 22 were conducted for each term by cluster grouping (see Table 5 ); results suggest that at least one cluster group differed from the other cluster groups.
Interpretation of Clusters
A key aspect of cluster analysis is determining that the clusters are indeed distinct. 13, 15 Such a determination yields a basis for making an interpretation about the observations within a given cluster. The median familiarity ratings for each of the six observed clusters are reported in Table 4 . Clearly, differences between the clusters are apparent. A Kruskal−Wallis test 22 yielded significant p values for all thirteen assessment terms suggesting that one or more of the clusters had different ranked sum distributions from the other clusters (see Table 4 ). A pairwise comparison of each of the clusters for each of the assessment terms, utilizing Mann−Whitney U tests, 23 yielded very few cluster pairs that had similar ranked sum distributions.
On the basis of the median values for term familiarity and the statistical tests conducted, the six clusters in this appropriate cluster model were interpreted as: high familiarity (Cluster IV), middle familiarity with high familiarity of statistics (Cluster III), middle familiarity (Cluster II), middle familiarity with low familiarity of statistics (Cluster I), low familiarity with high familiarity with statistics (Cluster VI), and low familiarity (Cluster V). The arbitrary Roman numeral designations of the clusters can now be replaced by these more descriptive titles. Designations of high, middle, and low were made by comparing the reported familiarity of the term within each of the clusters. It is important to realize that low familiarity is not a uniform distinction for each assessment term; for example, low familiarity with Variance is not the same as low familiarity for Assessment Reliability. The frequency and percent of the population in each of the clusters is reported in Table 5 . Now that six distinct and characterizable clusters have been identified, the resultant categorical variable can be used to further interpret the survey data. These analyses provide a deeper understanding of the faculty familiarity such that loci of familiarity and lack of familiarity can be identified. The association of the cluster variable with institution type, chemistry subdiscipline, and years teaching (grouped in five-year intervals) serve as important examples. A comparison of the percentage of faculty in each institution type and in each respective cluster is reported in Table 6 . A chi-squared test reveals that there is an association between institution type and cluster (χ 2 (df = 10) = 54.63, p < 0.001). There is roughly the same percentage of faculty in the "High" familiarity cluster across all institution types. However, differences arise when other cluster groups are considered. First, faculty from doctoral institutions are disproportionally represented in cluster groupings that are distinguished based on familiarity with general statistics terms. Faculty from doctoral universities are more likely to be in a cluster with higher familiarity with these terms and less likely to be in a cluster with low familiarity of statistics terms. This observation corroborates hypotheses made in previous reporting of this data.
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Second, faculty from four-year institutions are disproportionally represented in the "Middle" familiarity cluster grouping, with over one-third of this demographic in this single cluster. One conjecture to explain this observation is that it is indicative of an added emphasis on assessment at predominately undergraduate institutions relative to two-year and doctoral institutions. Thus, faculty from these schools have moved toward greater familiarity with the terminology.
In principle, these cluster results could direct differential strategies for professional development of faculty at different types of institutions. For example, these data suggest that the familiarity of doctoral faculty with statistical analyses could be leveraged in assessment-related professional development materials or activities carried out at such institutions. Conversely, heavy reliance on statistics as an entree into assessment development activities for two-year and four-year institution faculty may not use the familiarity strengths of those faculty populations as meaningfully.
A comparison of the percentage of faculty from each chemistry subdiscipline and in each respective cluster is reported in Table 7 . A chi-squared test reveals that there is an association between subdiscipline area and cluster (χ 2 (df = 30) = 220.74, p < 0.001). Two important observations about this association should be noted: First, the disproportionate number of chemical education faculty in the "High" familiarity cluster grouping. As previously reported, this group of faculty not only is exclusive to chemistry education research faculty but also includes faculty who identify education as their primary focus, for example, many two-year institution faculty. 9, 10 Second, higher proportions of analytical and physical chemistry faculty are found in cluster groupings distinguished by familiarity with statistics terms, which is consistent with the expectation that these fields often utilize statistics in their science research.
Finally, a comparison of the percentage of faculty in each cluster by years teaching (in five-year increments) in each respective cluster is reported in Table 8 . A chi-squared test reveals that there is an association between years teaching and cluster (χ 2 (df = 30) = 74.12, p < 0.001). The key observation about this association relates to faculty in their first five years of teaching. This group has a low percentage in the "High" familiarity cluster and a high percentage in the "Low" familiarity cluster grouping. Recall that the term faculty is defined in this study to include tenured, tenuretrack, and nontenure-track instructional staff. Even with this definition and the fact that for many nontenure track instructors there is no particular time threshold in their professional trajectory, there is a distinct demarcation between the cluster groupings for faculty with less than five years teaching experience. This observation may relate to the challenge of learning to teach "on the fly" because many chemistry Ph.D. graduates have little introduction to teaching in their graduate career. 24 It may also reflect the emphasis on research during the pretenure career of new faculty. In either case, the result does emphasize the probable importance of developing professional development materials and opportunities for new faculty related to assessment of teaching and learning.
■ CONCLUSION
Previous reports of faculty familiarity with assessment terminology suggested an association between familiarity terms and several demographic characteristics. 10, 11 This paper reports on a cluster analysis of the data resulting in the identification of six distinct clusters that help to organize the levels of overall familiarity along these characteristics. A key aspect of the cluster groupings is the relative independence of familiarity with generic statistics terms relative to the other more education-focused usage of assessment terms. This finding corroborates previous hypotheses about the data derived from structural equation modeling. 11 Beyond this finding, the cluster analysis allows for a nuanced response to professional development needs related to the assessment of learning in chemistry. Although any individual instructor will not be fully predictable by demographic variables such as their institution, subdiscipline, or length of time teaching, it is worth developing materials that are cognizant of these differences and leverage that understanding to enhance the likely efficiency of the materials or activities. 
